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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid crystal display apparatus 
having simple structure, excellent safety and reliability, and suppressed 
noise, using plural cold cathode tubes, to response to area enlarging and 
brightness improving. 

SOLUTION: The liquid crystal display apparatus contains a control circuit, 
a separately excited oscillation output circuit 26 corresponding to the 
cold cathode tubes 8-14, and an externally excited oscillation output 
circuit 32 corresponding to the cold cathode tubes 16-22. The control 
circuit contains the primary side power source, a clock generating circuit 
B1, and a light adjusting PWN signal generating circuit B2, B3. The control 
circuit 24 and the externally excited oscillation output circuit 26, are 
mounted on the main mounting board 4. The externally excited oscillation 
output circuit 32 is mounted on the sub- mounting board 6. The mounting 
board 4 and the mounting board 6 are connected by the primary side 
power source line, ground line, clock signal line, and light adjusting PWM 
signal line. By this procedure, high voltage wiring becomes unnecessary 
and excellent safety, reliability, and noise stability are practiced. 
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PH-1786PCT-US (IDS: 110582) 

[0001] (Field of the Invention) The invention relates to a liquid crystal display device, and in 
more specifically, it relates to a backlight unit for liquid crystal display devices for lighting a 
plurality of cold-cathode tubes and to a liquid crystal display device using the backlight. 
[0002] (Related Art) Generally, a backlight is used as a light source in a liquid crystal display 
device. Along with a demand for an increase in the screen size and in the luminance of such 
liquid crystal display device, a plurality of cold-cathode tubes are required. Further, an 
increase in screen size requires various cold-cathode tube arrangements, such as side type or 
underneath type. 

[0003] When a plurality of cold-cathode tubes are lit, the output from an inverter transformer 
is made plural in a convention self-excited inverter for cold-cathode tubes. 
[0004] Fig. 3 shows a circuit diagram of a conventional example in which the output from an 
inverter transformer is made plural. Referring to Fig. 3, a mounting substrate 100 is 
provided with a power supply potential Vcc and a ground potential GND, and a plurality of 
cold-cathode tubes 102 and 104 are connected to the substrate 100. 

[0005] The mounting substrate 100 includes: a coil LI 00, one end of which is connected to 
the power supply potential Vcc; a resistor R100, one end of which is connected to the other 
end of the coil LI 00; a transistor Q100 of which base is connected to the other end of the 
resistor R100; a transistor Q101 of which emitter is connected to the emitter of the transistor 
Q100; and a capacitor CI 00 connected between the collector of the transistor Q100 and the 
collector of the transistor Q101. Bothe emitters of the transistors Q100 and Q101 are 
coupled to the ground potential GND. 

[0006] The mounting substrate 100 further includes an inverter transformer T100 and 
balanced capacitors CI 01 and CI 02, and one end of each of the capacitors is connected to one 
end of the secondary winding of the inverter transformer T100. The other end of the 
secondary winding of the inverter transformer T 100 is coupled to the ground potential GND. 
The balanced capacitor CI 01 is connected to the cold-cathode tube 102, and the balanced 
capacitor CI 02 is connected to the cold-cathode tube 104, outside the mounting substrate. 
[0007] Namely, the balanced capacitor CI 01 and the cold-cathode tube 102 connected in 
series and the balanced capacitor CI 02 and the cold-cathode tube 104 connected in series are 
connected in parallel between both ends of the secondary winding of the inverter transformer 
T100. 

[0008] The inverter transformer T100 has a first winding and a second winding on the 
primary side thereof. A midpoint of the first winding is provided with the power supply 
potential Vcc via the coil LI 00. One end of the first winding is connected to the collector of 
the transistor Q100, and the other end of the first winding is connected to the collector of the 
transistor Q101. One end of the second winding on the primary side of the inverter 
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transformer T100 is connected to the base of the transistor Q101 5 and the other end thereof is 
connected to the base of the transistor Q100. 

[0009] The transistors Q100 and Q101, capacitor CI 00, resistor R100, and coil LI 00 along 
with the windings on the primary side constitutes a Royer oscillation circuit. 
[0010] Fig. 4 shows an example in which separate substrates are used and in which the Royer 
oscillation circuit disposed on the primary side of the inverter transformer of the mounting 
substrate 1 00 shown in Fig. 3 is commonly used. 

[0011] Referring to Fig. 4, the balanced capacitor CI 01 and the cold-cathode tube 102 are 
connected in series with each other between both ends of a secondary winding of the inverter 
transformer T100 on a mounting substrate 100a. Since the circuit mounted on another 
mounting substrate 100a is structured in the same manner as in the circuit mounted on the 
mounting substrate 100 shown in Fig. 3, the description there of is omitted. 
[0012] A separate substrate 100b includes an inverter transformer T101 and the balanced 
capacitor CI 02. A first coil alone is connected to the primary side of the inverter 
transformer T101, and this first coil is also connected to the primary side of the inverter 
transformer T100. One end, the other end, and the midpoint of the primary side of one 
inverter transformer are connected to those of the primary side of the other inverter 
transformer. The balanced capacitor CI 02 and the cold-cathode tube 104 are connected in 
series between both ends of the secondary winding of the inverter transformer T101, and the 
ground potential is supplied from the mounting substrate 1 to the other end of the secondary 
winding of the inverter transformer T101 . 

[0013] (Problems to be solved by the invention) In accordance with the conventional 
self-excited inverter substrate for cold-cathode tubes, in order to divide a mounting substrate 
to deal with various cold-cathode tube arrangement and a plurality of cold-cathode tubes, the 
following points are problematic. 

[0014] In a system in which the output of the inverter transformer as shown in Fig. 3 is made 
plural, it is necessary to connect a plurality of balanced capacitors in parallel on the secondary 
output side of the transformer and to provide each of a plurality of cold-cathode tubes with 
high-voltage wiring. 

[0015] In such system, high- voltage wiring from one transformer is required for each of a 
plurality of cold-cathode tubes. Generally, a voltage on the secondary side of the inverter 
transformer instantaneously reaches as high as 1000 V or more, and even in a steady state, a 
voltage as high as approximately 800 V is outputted. 

[0016] In the case of a various cold-cathode tube arrangement, the length of high- voltage 
wiring varies and it is necessary to lengthen the length of wiring even at a high voltage, 
thereby decreasing safety and reliability. Further, in association with an increase in wiring 
floating capacitance and in leak current due to AC coupling with respect to a grounded 
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conductor, the efficiency of the inverter is decreased. Namely, loss is caused when a 
high-frequency signal passes through wiring. 

[0017] Further, since leak current is not balanced with respect to individual cold-cathode 
tubes, luminance cannot be balanced as a liquid crystal display device. Also, since only one 
transformer is used, a mounting substrate cannot be divided, and light from cold-cathode 
tubes cannot be individually controlled. 

[0018] By commonly using the Royer oscillation circuit on the primary side as shown in Fig. 
4, due to a plurality of transformers, an increase in leak current can be presented and a 
mounting substrate can be divided for simplifying the design of the structure of a liquid 
crystal display device. 

[0019] However, a voltage of the Royer oscillation circuit on the primary side of the 
transformer becomes higher than the primary power supply potential due to coil components 
on the primary side of the transformer. If the primary power supply potential is about 1 0 V, a 
voltage of the Royer oscillation circuit becomes 40 to 50 V, which is a high voltage and 
frequency for a primary side. 

[0020] Yet, wiring for transmitting a high-voltage and high-frequency oscillation signal of the 
Royer oscillation circuit is needed between substrates. Thus, a cause of noise is created, and 
a problem in terms of safety and reliability arises. 

[0021] Further, since wiring for transmitting an oscillation signal of the Royer oscillation 
circuit to each transformer becomes long, a cause of oscillation failure is created. In this 
system, since the Royer oscillation circuit is also commonly used among a plurality of 
transformers, light from cold-cathode tubes cannot be individually controlled. 
[0022] The present invention solves such problems, and it is an object of the present invention 
to provide a liquid crystal display that can improve safety and reliability, suppress noise, and 
realize low power consumption by preventing an increase in leak current in a case of a various 
cold-cathode tube arrangement and a plurality of cold-cathode tubes while it has a function of 
individual light control based on synchronization. Further, cost reduction can be achieved 
due to the simplification of structure design and the miniaturization/weight saving of the 
liquid display device. 

[0023] (Means of solving the problems) The backlight unit in claim 1 is a backlight unit for 
lighting a plurality of cold-cathode tubes, and the plurality of cold-cathode tubes are divided 
into a plurality of groups. The backlight unit includes a control circuit that outputs a clock 
signal and a control signal upon receiving a first power supply voltage and a second power 
supply voltage having a higher voltage than the first power supply potential, a plurality of 
cold-cathode tube driving circuits that are installed for the plurality of groups, that drive the 
cold-cathode tubes in accordance with the clock signal and the control signal, and that 
generate a high-voltage pulse, and a plurality of mounting substrates installed for the plurality 
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of cold-cathode tube driving circuits. 

[0024] According to the backlight unit in claim 2, based on the structure of the backlight unit 
in claim 1 , amplitudes of the control signal and the clock signal is below the electric potential 
difference between the first power supply potential and the second power supply potential, 
and an amplitude of the high-voltage pulse is greater than the electric potential difference 
between the first power supply voltage and the second power supply voltage. 
[0025] According to the backlight unit in claim 3, in addition to the structure of the backlight 
unit in claim 1, the plurality of mounting substrates include a first and a second mounting 
substrate, and the control circuit is mounted on the first mounting substrate. The backlight 
unit further includes a group of wires for transmitting the control signal and the clock signal 
from the first mounting substrate to the second mounting substrate. 

[0026] According to the backlight unit in claim 4, in addition to the structure of the backlight 
unit in claim 1, each cold-cathode tube driving circuit includes a plurality of inverter 
transformers so that they correspond to a plurality of the cold-cathode tubes contained in the 
group to which they belong. 

[0027] The liquid crystal display device in claim 5 includes a liquid crystal panel, a plurality 
of cold-cathode tubes used as backlights in the liquid crystal panel, and a control circuit that 
outputs a clock signal and a control signal upon receiving a first power supply voltage and a 
second power supply voltage that is higher than the first power supply voltage. The plurality 
of cold-cathode tubes are divided into a plurality of groups. The device further includes a 
plurality of cold-cathode tube driving circuits that are installed for the plurality of groups, that 
drive the cold-cathode tubes in accordance with the clock signal and the control signal, and 
that outputs a high-voltage pulse, and a plurality of mounting substrates installed for the 
plurality of cold-cathode tube driving circuits. 

[0028] According to the liquid crystal display device in claim 6, based on the constitution of 
the liquid crystal display device in claim 5, amplitudes of the control signal and the clock 
signal is below the electric potential difference between the first power supply potential and 
the second power supply potential, and an amplitude of the high- voltage pulse is greater than 
the electric potential difference between the first power supply voltage and the second power 
supply voltage. 

[0029] According to the liquid crystal display device in claim 7, in addition to the constitution 
of the liquid crystal display device in claim 5, the plurality of mounting substrates include a 
first and a second mounting substrate, and the control circuit is mounted on the first mounting 
substrate. The backlight unit further includes a group of wires for transmitting the control 
signal and the clock signal from the first mounting substrate to the second mounting substrate. 
[0030] According to the liquid crystal display device in claim 8, in addition to the constitution 
of the liquid crystal display device in claim 5, each cold-cathode tube driving circuit includes 
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a plurality of inverter transformers so that they correspond to a plurality of the cold-cathode 
tubes contained in the group to which they belong. 

[0031] According to the liquid crystal display device in claim 9, in addition to the constitution 
of the liquid crystal display device in claim 5, the liquid crystal panel is in the shape of a 
quadrangle, and the plurality of mounting substrates include a first and a second mounting 
substrate. Among the plurality of cold-cathode tubes, a first cold-cathode tube arranged 
along a first edge of the quadrangle receives a high-voltage pulse from the first mounting 
substrate, and a second cold-cathode tube arranged along a second edge of the quadrangle that 
is opposite to the first edge receives a high-voltage pulse from the second mounting substrate. 
[0032] An embodiment of the present invention will be hereafter described in detail with 
reference to the drawings. Note that identical reference characters in the drawings denote 
identical or equivalent portions. 

[0033] Fig. 1 schematically shows a plan view of a structure of a liquid crystal display device 
1 according to an embodiment of the present invention. 

[0034] Referring to Fig. 1, the liquid crystal display device 1 includes a liquid crystal panel 2, 
cold-cathode tubes 8 to 22 for illuminating the liquid crystal panel 2 from the edge directions 
of the panel 2, a mounting substrate 4 with which the cold-cathode tubes 8 to 14 are provided, 
and a mounting substrate 6 with which the cold-cathode tubes 16 to 18 are provided. The 
cold-cathode tubes 8 to 22, and the mounting substrates 4 and 6 are referred to as a "back 
light unit." As an embodiment, Fig. 1 shows the back side of the liquid crystal panel 
mounted with the back light unit of the edge light system including a total of eight 
cold-cathode tubes, two cold-cathode tubes being disposed on each of the four sides. 
[0035] The mounting substrate 4 includes a control circuit 24, a separately excited oscillation 
output circuit 26, and connectors 28 and 30. The separately excited oscillation output circuit 
26 includes terminal pairs TBI, TB2, TR1, and TR2 for connecting cold-cathode tubes. 
[0036] The mounting substrate 6 includes a separately excited oscillation output circuit 32 and 
a connector 34. The separately excited oscillation output circuit 32 includes terminal pairs 
TB3, TB4, TR3, and TR4 for connecting cold-cathode tubes. 

[0037] The connector 30 is connected to a primary power supply or the like with 
approximately 10 to 12 V provided from the outside. The connectors 34 and 28 are 
connected via external wiring. 

[0038] Fig. 2 shows a circuit diagram of a detailed structure of each of the mounting 
substrates 4 and 6 shown in Fig. 1. Referring to Fig. 2, the mounting substrate 4 includes the 
control circuit 24 and the separately excited oscillation output circuit 26. 

[0039] The control circuit 24 includes a fuse Fl having one end thereof connected to the 
power supply potential Vcc, a clock generation circuit Bl that generates a clock signal CLK, a 
light-control PWM (Pulse Width Modulation) signal generation circuit B2 that generates a 
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light-control PWM signal SSI upon receiving a control signal SI from the outside, and a 
light-control PWM signal generation circuit B3 that generates a light-control PWM signal 
SS2 upon receiving a control signal S2 from the outside. 

[0040] While not shown, the clock generation circuit Bl receives an operating power supply 
current based on the power supply potential Vcc and the ground potential GND, and an 
amplitude of the clock signal CLK is not greater than the power supply potential Vcc. 
Similarly, while not shown, each of the light-control PWM signal generation circuits B2 and 
B3 receives an operating power supply current based on the power supply potential Vcc and 
the ground potential GND, and amplitudes of the light-control PWM signals SSI and SS2 are 
not greater than the power supply potential Vcc. Namely, the clock signal CLK and the 
light-control PWM signals SSI and SS2 can be said to be so-called small signals. 
[0041] The separately excited oscillation output circuit 26 includes a fuse F2 having one end 
connected to the other end of the fuse Fl, a coil LI connected to the other end of the fuse F2, 
an inverter gate G9 that inverts upon receiving the clock signal CLK and outputs a 
reversed-phase clock signal hi, an AND gate Gl that receives the clock signal CLK and the 
light-control PWM signal SSI, a field-effect transistor (FET) Ql whose gate receives an 
output from the AND gate Gl and whose source and substrate are connected to ground, an 
AND gate G2 that receives the reversed-phase clock signal hi and the light-control PWM 
signal SSI, and a field-effect transistor Q2 whose gate receives an output from the AND gate 
G2 and whose source and substrate are connected to ground. 

[0042] The separately excited oscillation output circuit 26 further includes inverter 
transformers Tl and T2 that corresponds to the cold-cathode tubes 8 and 10, respectively, that 
are connected outside, a capacitor C 1 connected between both ends of the primary winding of 
the inverter transformer Tl, a balanced capacitor C5 connected in series with the cold-cathode 
tube 8 between both ends of the secondary winding of the inverter transformer Tl, and a 
balanced capacitor C6 connected in series with the cold-cathode tube 10 between both ends of 
the secondary winding of the inverter transformer T2. 

[0043] The power supply potential Vcc is supplied to each of the midpoints of the primary 
windings of the inverter transformers Tl and T2 via the coil LI and the fuse F2. Both ends 
of the primary coil of the inverter transformer T2 are connected in parallel to the primary 
winding of the inverter transformer Tl. The sides of the secondary windings of the inverter 
transformers Tl and T2 to which cold-cathode tubes are connected are coupled to the ground 
potential. 

[0044] The separately excited oscillation output circuit 26 further includes a fuse F3 having 
one end connected to the other end of the fuse Fl, a coil L2 connected to the other end of the 
fuse F3, an inverter gate G10 that inverts upon receiving the clock signal CLK and outputs a 
reversed-phase clock signal h2, an AND gate G3 that receives the clock signal CLK and the 
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light-control PWM signal SS2, a field-effect transistor Q3 whose gate receives an output from 
the AND gate G3 and whose source and substrate are connected to ground, an AND gate G4 
that receives the reversed-phase clock signal h2 and the light-control PWM signal SS2, and a 
field-effect transistor Q4 whose gate receives an output from the AND gate G4 and whose 
source and substrate are connected to ground. 

[0045] The separately excited oscillation output circuit 26 further includes inverter 
transformers T3 and T4 that corresponds to the cold-cathode tubes 12 and 14, respectively, 
that are connected outside, a capacitor C2 connected between both ends of the primary 
winding of the inverter transformer T3, a balanced capacitor C7 connected in series with the 
cold-cathode tube 12 between both ends of the secondary winding of the inverter transformer 
T3, and a balanced capacitor C8 connected in series with the cold-cathode tube 14 between 
both ends of the secondary winding of the inverter transformer T4. 

[0046] The power supply potential Vcc is supplied to each of the midpoints of the primary 
windings of the inverter transformers T3 and T4 via a coil L2 and a fuse F3. Both ends of 
the primary coil of the inverter transformer T4 are connected in parallel to the primary 
winding of the inverter transformer T3. The sides of the secondary windings of the inverter 
transformers T3 and T4 to which cold-cathode tubes are connected are coupled to the ground 
potential. 

[0047] The mounting substrate 4 further includes a connector 28 that includes terminals a to e. 
The power supply potential Vcc is supplied to the terminal a via the fuse FL The terminal e 
is coupled to the ground potential. The clock signal CLK is outputted to the terminal b. 
Light-control PWM signals SSI and SS2 are outputted from the terminal c and the terminal d, 
respectively. 

[0048] The mounting substrate 6 includes the connector 34 and the separately excited 
oscillation output circuit 32. Terminals a to e of the connector 34 each are connected to the 
terminals a to e of the connector 28 via external wiring. 

[0049] The separately excited oscillation output circuit 32 includes a fuse F4 having one end 
connected to the terminal a of the connector 34, a coil L3 connected to the other end of the 
fuse F4, an inverter gate Gil that receives the clock signal CLK via the terminal b of the 
connector 34 and that outputs a reversed-phase clock signal h3 via inversion, an AND gate G5 
that receives the clock signal CLK and the light-control PWM signal SSI via the terminals b 
and c of the connector 34, respectively, a field-effect transistor Q5 whose gate receives an 
output from the AND gate G5 and whose source and substrate are connected to ground, an 
AND gate G6 that receives the reversed-phase clock signal h3 and the light-control PWM 
signal SSI, and a transistor Q6 whose gate receives an output from the AND gate G6 and 
whose source and substrate are connected to ground. 

[0050] The separately excited oscillation output circuit 32 further includes inverter 
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transformers T5 and T6 that corresponds to the cold-cathode tubes 16 and 18, respectively, 
that are connected outside, a capacitor C3 connected between both ends of the primary 
winding of the inverter transformer T5, a balanced capacitor C9 connected in series with the 
cold-cathode tube 16 between both ends of the secondary winding of the inverter transformer 
T5, and a balanced capacitor CIO connected in series with the cold-cathode tube 18 between 
both ends of the secondary winding of the inverter transformer T6. 

[0051] The power supply potential Vcc is supplied to each of the midpoints of the primary 
windings of the inverter transformers T5 and T6 via the coil L3 and the fuse F4. Both ends 
of the primary coil of the inverter transformer T6 are connected in parallel to the primary 
winding of the inverter transformer T5. The sides of the secondary windings of the inverter 
transformers T5 and T6 to which cold-cathode tubes are connected are coupled to the ground 
potential. 

[0052] The separately excited oscillation output circuit 32 further includes a fuse F5 having 
one end connected to the terminal a of the connector 34, a coil L4 connected to the other end 
of the fuse F5, an inverter gate G12 that receives the clock signal CLK via the terminal b of 
the connector 34 and that outputs a reversed-phase clock signal h4 via inversion, an AND gate 
G7 that receives the clock signal CLK and the light-control PWM signal SS2 via the terminals 
b and d of the connector 34, respectively, a field-effect transistor Q7 whose gate receives an 
output from the AND gate G7 and whose source and substrate are connected to ground, an 
AND gate G8 that receives the reversed-phase clock signal h4 and the light-control PWM 
signal SS2, and a transistor Q8 whose gate receives an output from the AND gate G8 and 
whose source and substrate are connected to ground. 

[0053] The separately excited oscillation output circuit 32 further includes inverter 
transformers T7 and T8 that corresponds to the cold-cathode tubes 20 and 22, respectively, 
that are connected outside, a capacitor C4 connected between both ends of the primary 
winding of the inverter transformer T7, a balanced capacitor Cll connected in series with the 
cold-cathode tube 20 between both ends of the secondary winding of the inverter transformer 
T7, and a balanced capacitor C12 connected in series with the cold-cathode tube 22 between 
both ends of the secondary winding of the inverter transformer T8. 

[0054] The power supply potential Vcc is supplied to each of the midpoints of the primary 
windings of the inverter transformers T7 and T8 via the coil L4 and the fuse F5. Both ends 
of the primary coil of the inverter transformer T8 are connected in parallel to the primary 
winding of the inverter transformer T7. The sides of the secondary windings of the inverter 
transformers T5 and T6 to which cold-cathode tubes are connected are coupled to the ground 
potential. 

[0055] Next, a circuit operation of the mounting substrates 4 and 6 will be briefly described. 
The clock signal CLK that is generated by the clock generation circuit B 1 and that determines 
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an oscillation frequency of a separately excited inverter is transmitted to the AND gates Gl 
and G3, so as to push-pull drive the switching elements Ql to Q4. The clock signal CLK is 
inverted by the inverter gates G9 and G10, and the reversed-phase clock signals hi and h2 are 
transmitted to the AND gates G2 and G4. 

[0056] While not shown, the clock generation circuit Bl receives an operating power supply 
current based on the power supply potential Vcc and the ground potential GND, and an 
amplitude of the clock signal CLK is not greater than the power supply potential Vcc. 
Namely, the clock signal CLK can be said to be a so-called small signal. 

[0057] In cases in which a single clock generation circuit Bl outputs an opposite phase, the 
inverter gates G9 and G10 can be omitted. 

[0058] The PWM signals SSI and SS2 that PWM-control the switching elements Ql to Q4 
and that control light from the cold-cathode tubes 8 to 14 are generated by the light-control 
PWM signal generation circuits B2 and B3. The light-control PWM signal SSI is 
transmitted to the AND gates Gl and G2, and the light-control PWM signal SS2 is transmitted 
to the AND gates G3 and G4. 

[0059] While not shown, the light-control PWM signal generation circuits B2 and B3 receive 
an operating power supply current based on the power supply potential Vcc and the ground 
potential GND, and amplitudes of the light-control PWM signals are not greater than the 
power supply potential Vcc. Namely, the light-control PWM signals SSI and SS2 can be 
said to be a so-called small signal. 

[0060] The power supply potential Vcc is connected to the midpoint of the inverter 
transformers Tl to T4 via the coil LI or L2. 

[0061] The clock signal CLK and the light-control PWM signal SSI generated by the 
light-control PWM signal generation circuit B2 are inputted to the AND gate Gl. The clock 
signal CLK, the reversed-phase clock signal hi, and the light-control PWM signal SSI 
generated by the light-control PWM signal generation circuit B2 are inputted to the AND gate 
G2. 

[0062] Thus, the switching elements Q 1 and Q2 connected to the primary windings of the 
inverter transformers Tl and T2 are push-pull driven while the light-control PWM signal SSI 
is H (high) level, whereby the cold-cathode tubes 8 and 10 are PWM-light-controlled. 
[0063] The clock signal CLK and the light-control PWM signal SS2 generated by the 
light-control PWM signal generation circuit B3 are inpxitted to the AND gate G3. The clock 
signal CLK, the reversed-phase clock signal h2, and the light-control PWM signal SS2 
generated by the light-control PWM signal generation circuit B3 are inputted to the AND gate 
G4. 

[0064] Thus, the switching elements Q3 and Q4 connected to the primary windings of the 
inverter transformers T3 and T4 are push-pull driven while the light-control PWM signal SS2 
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is H (high) level, whereby the cold-cathode tubes 12 and 14 are PWM-light-controlled. 
[0065] As described above, since the cold-cathode tubes 8 and 10 and the cold-cathode tubes 
12 and 14 are operated in synchronization with a single clock signal CLK, individual 
cold-cathode tubes are operated in synchronization with each other, whereby flickering is 
prevented. Further, light from the cold-cathode tubes 8 and 10 and light from the 
cold-cathode tubes 12 and 14 are controlled by separate light-control PWM signals. 
[0066] Since light from the cold-cathode tubes 8 and 10 are controlled by the light-control 
PWM signal SSI, and light from the cold-cathode tubes 12 and 14 are controlled by the 
light-control PWM signal SS2, it is possible to control light independently. A plurality of 
these light-control PWM signal generation circuits may be provided depending on the number 
of cold-cathode tubes of which light is controlled. Alternatively, a plurality of these 
light-control PWM signal generation circuits may be prepared depending on the number of 
groups of cold-cathode tubes, each group consisting of several cold-cathode tubes. Further, 
when light from each cold-cathode tube does not need to be independently controlled, a single 
light-control PWM signal generation circuit is structured and connected to the input to each 
AND gate. 

[0067] The separately excited oscillation output circuit 32 on the mounting substrate 6 
operates in the same way as the separately excited oscillation output circuit 26 on the 
mounting substrate 4. The control circuit on the mounting substrate 4 transmits: the 
primary-side power supply potential Vcc; the ground potential GND; the clock signal CLK 
generated by the clock generation circuit Bl; the light-control PWM signal SSI generated by 
the light-control PWM signal generation circuit B2; and the light-control PWM signal SS2 
generated by the light-control PWM signal generation circuit B3 to the separately excited 
oscillation output circuit 32 on the mounting substrate 6 via a connecting means such as a 
connector. 

[0068] Thus, since the oscillating frequency of the separately excited oscillation output circuit 
32 on the mounting substrate 6 is controlled by a single clock signal CLK of the same control 
circuit as that of the separately excited oscillation output circuit 26 on the mounting substrate 
4, the cold-cathode tubes 1 to 8 each connected to the inverter transformers Tl to T8 on the 
mounting substrates 4 and 6 operate in synchronization with one another, thereby preventing 
flickering. 

[0069] Further, light based on the inverter transformers T5 and T6 on the mounting substrate 
6 is controlled by the light-control PWM signal SSI, and light based on the inverter 
transformers T7 and T8 is controlled by the light-control PWM signal SS2. Thus, light 
emitted from the cold-cathode tubes 8 and 10 connected to the mounting substrate 4 is 
controlled in the same way as light emitted from the cold-cathode tubes 1 6 and 1 8 connected 
to the mounting substrate 6, and light emitted from the cold-cathode tubes 12 and 14 
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connected to the mounting substrate 4 is controlled in the same way as light emitted from the 
cold-cathode tubes 20 and 22 connected to the mounting substrate 6. 

[0070] Note that signals connecting between the mounting substrates 4 and 6 may include 
signals from a protection circuit or the like, as needed. 

[007 1 ] Again, referring to the backlight including two cold-cathode tubes disposed on each of 
the four sides shown in Fig. 1, a plurality of separately excited inverters are divided by 
mounting substrates, connecting them only via small signal lines and the primary-side power 
supply potential. Thus, noise can be suppressed while improving safety and reliability. 
[0072] At the same time, by adopting the backlight having such arrangement structure that the 
mounting substrate 4 is disposed near the cold-cathode tubes 8 to 14 and the mounting 
substrate 6 is disposed near the cold-cathode tubes 16 to 22, the length of wiring between the 
high-voltage side of the secondary wiring of each of the inverter transformers and the 
electrodes of each of the cold-cathode tubes can be minimized. 

[0073] Since the length of wiring on the high- voltage wiring side can be minimized by 
dividing the mounting substrate in this way, low power consumption can be achieved due to 
reduction in wiring floating capacitance and leak current with respect to a grounded conductor, 
which improving safety and reliability. 

[0074] Furthermore, by making the length of each of high- voltage output wiring equally short, 
imbalance in leak current with respect to individual cold-cathode tubes is reduced, thereby 
improving the luminance balance as a liquid crystal display device. 

[0075] While the present invention has been specifically described based on an embodiment, 
it is possible to change the invention without departing from the scope of the invention. For 
example, while the mounting substrate is divided into two mounting substrates 1 and 2 in the 
present embodiment, three or more mounting substrates, such as mounting substrates 3, 4, and 
so on, may be used, using the primary-side power supply potential and small signal lines for 
connecting individual mounting substrates. 

[0076] The control circuit 24 on the mounting substrate 4 and the mounting substrate of the 
separately excited oscillation output circuit 26 of the embodiment shown in Fig. 2 may be 
divided. By having the control circuit on a separate substrate, a plurality of separately 
excited oscillation output circuits mounted on separate substrates can use the same substrate. 
[0077] Thus, since the mounting substrate can be easily divided, cost reduction can be 
achieved due to the simplification of structure design and the miniaturization/weight saving of 
the mounting substrate when a plurality of cold-cathode tubes are arranged in various ways 
associated with demands such as larger screen and higher luminance of a liquid crystal 
display device. 

[0078] It should be considered that the embodiment disclosed herein is illustrative and not 
restrictive in any respects. The scope of the present invention is defined by the claims rather 
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than by the description preceding them, and all changes that fall within mates and bounds of 
the claims, or equivalence of such mates and bounds are therefore intended to be embraced by 
the claims. 

[0079] (effect of the invention) The backlight unit according to claim 1 or 2 can improve 
safety and reliability, suppress noise, and realize low power consumption by preventing an 
increase in leak current in a case of a various cold-cathode tube arrangement and a plurality of 
cold-cathode tubes. 

[0080] In addition to the advantageous effects provided by the backlight unit according to 
claim 1, the backlight unit according to claim 3 can improve safety and reliability, suppress 
noise, and realize low power consumption by preventing an increase in leak current when a 
substrate is divided into two. 

[0081] In addition to the advantageous effects provided by the backlight unit according to 
claim 1, the backlight unit according to claim 4 can adjust luminance or the like for each 
cold-cathode tube, since each cold-cathode tube is provided with an inverter transformer. 
[0082] The liquid crystal display device according to claim 5 or 6 can improve safety and 
reliability, suppress noise, and realize low power consumption by preventing an increase in 
leak current in a case of a various cold-cathode tube arrangement and a plurality of 
cold-cathode tubes. 

[0083] In addition to the advantageous effects provided by the liquid crystal display device 
according to claim 5, the liquid crystal display device according to claim 7 can improve safety 
and reliability, suppress noise, and realize low power consumption by preventing an increase 
in leak current when a substrate is divided into two. 

[0084] In addition to the advantageous effects provided by the liquid crystal display device 
according to claim 5, the liquid crystal display device according to claim 8 can adjust 
luminance or the like for each cold-cathode tube, since each cold-cathode tube is provided 
with an inverter transformer. 

[0085] In addition to the advantageous effects provided by the liquid crystal display device 
according to claim 5, the liquid crystal display device according to claim 9, since a substrate 
can be separately arranged for each of the two cold-cathode tubes installed along opposing 
edges that are arranged far from each other when a liquid crystal panel is rectangular, wiring 
to which a high-voltage pulse is applied can be shortened. Thus, since the length of 
high-voltage output wiring can be made equally short, unbalance in leak current with respect 
to individual cold-cathode tubes is reduced, whereby luminance balance as a liquid crystal 
display device is improved. 
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NDy- hG6co{±}734ry— h(^tty-x*5j;t>-yy 

x h b jjsSMfi* *tfc*4W!**» h y ^-^x ^ Q 6 £ 
[0 0 5 0] «i?g«tti73 IHSS 3 2 (4, $ tic, flflSte 

8BK$tbS?MI«ff 16, 18 (c^tim*f^LT!S;»4 

f>W^'Wh7^T5, T6£, 

7 > x t 5 co i ^ffl#,ti(0 P9flHM t-ffi^ 

^ c 3 £ , -T >- a— ^ F7 yxT 5 to 2 ftlflliSroMS 

fflfc^PMit l 6 fcEJUK^ftK*^*^ 9 ^ h=»vy> 

TC9£, -i->/<-^h ; 7^xT6<02 ftft#MOimiil 

wjc^iatffitf 1 8 £ jt^ic^Btt* *t« x h 3 >y .v 

t C 1 0 ££#tr„ 

[0051] ^.w<-^ h 7^xt5, TeroiWi 

^«4 1 ^t-(4£ L 3, ta-7"F4^Lt 

WKM&V c c -So ■< 

XT 6 CO 1 iife^ -i >V(OW&m ^ h 7 V X T 5 05 
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x T 5 , T 6 (75 2 
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* 3 4©a^K:-#W#S8lJfc**l3fc» — *F 5i, 
ta— XF50tt3Sr*tSE»*tlS3'f^L4i, ? o 
■y?ff-§-C LKS;3^# 3 4f)bSf^ LTSCtT 

h G 1 2 t , ? n ~y?im-C L K iPftffl P WMff #-S 
S 2 t^ft^'ft^*:? * 34©b, d$irf Sr^ftCS 
ItSAND hG7 t, y— h iC AND y— h G 7 (75 

it/W^fflPWMif^ S S 2^g(tSANDy- hG 8 
ANDy— hG8<75tti^^y- Mc^tty-XdoJ; 
WW x h u~- h^««$ixfc«^^ F7>yx^ 
Q 8 t £ atfo 

[0053] fifeassttia^iais 3 2 14, £ ^asi- 

gScSftWiSl^ 0, 2 2t J til-€tbS#*tTR»t 
"bft-S-f V*-* T8t« -I'i'A-^h 

7V^T 7 (75 1 &fflMMft0> ffitBM fcBSfilfe $ ft 5 * -V s<is 
?C4b, <i h7VXT7<752 ftffllgitgOffiflg 

IDlcftHMitf 2 0 iit?iJic^$ft5/<7 x h a yf> 

tCllt, -f l"<— f h7>-XT8<75 2Zfcffl#il(Dffi 

>tc 1 2 i£^tr„ 

[0 0 5 4] -f V/*— * h 7>XT 7, T8(751 

XT 8(75 1 »3^/K»nS}S(i-f ^/<— ^ 

X T 5 , T 6 (75 2 ftflftftttftlMtf £&SR3ftSffl 

(4, g%*fiic^$ftxv^ 0 

[0 0 5 5] &(C, Hgf»£4, 6{CtJ(t5|HliSib^(C 

S/^m-§"CLKi4, X-f yfy/lfQ 1 ~Q4£y-y 
S^^/u-IEtlrf 3fc£ft, AND y — FG 1 , G3^i 

e.ft§o ^p^itcLKit -r>'<-*y- 

hG9, G 1 0 iC <t *9 R|5 $ ft, E^nj/^fifh 
ft h 2/JSANDy— hG 2, G4^ie>tl2i„ 

£ 5 (ft * a y y ff^-C L K<75iB4I(4, SSiflifir. V c c 

[0 0 5 7] frft, Hl-^ a ^H^lHiSSB 1 ^JBfitffi 

[0 0 5 8] x^f yfy^Q 1 ~Q 4 £ PWMftffil 
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L , fflftttt 8~i4 5 P WM«f s s 

1, SS2(4, HJtfflPWMflr***@ttB2. B3IC 
4*)£j*£ft, pTtefflPWMff-SrS S lift ANDy- 
hGl, G2(Ci£?>ft, P§7fcJSPWMif-§-SS 21ft A 
N D y— h G 3 , G4-it^ftSo 
[0 0 5 9] d*LTW«£V/ft f§7tfflPWM«-§?§£ 

@ssb 2, b 3 (ft mmm&y <= c ««gnd^ 
bftfmniti 5 it, W36ffl p wMft * s s l, s s 

2 (7)«ig[ft *«*firv c ci^^ftiS^i 14* 
10 K ft&ftft W*JlPWMff^SS ft SS2I±V^ 

[0 0 6 0] tltfiVcdl 3-f/ULft L2*i 
LT'f S/<—9 h 7yxT 1 ~T 4(75'ft&.HiS ! E£ft 

ho 

[006 1] ANDy— hG 1 ftfft ttvytittCL 
Kb, P*fflPWM«-t?g^0SSB2J;i9^$ft5P 
*JBPWMflT*SS l#A#£ft3o AND y h G 2 

20 TfefflPWMff-f S S 1 riSfty^ft&o 

[0 0 6 2] ZtotLlh. H*fflPWM«#SSlA»H 
(/N-f) U^/POIH, ft/<-^Fv^TK T2(75 

i/->^y/Hgij*ft, »9e«»8, io(4pwmP*$ 

ft5„ 

[0 0 6 3] ANDy-h G3taft ?P'^(IfCL 
Kir, Wtffi P WMflHHS4@* B 3 J; 5 4**h« ■ 
TfefflPWMff^S S 2 7)SAft^ft-5o AND y h G 4 
(C{4, ^D"^ ff ^-C L K b iSffi<75 ^ a y ? {f h 2 

TtilPWMff^-S S 2rjSftft$ftS„ 
[0 0 6 4] Ztofctb, I*HPWMlftSS2^H 
(/N-f) U^/UOIB, ^^-^7>XT3 > T4C0 

-y -> ^ ftut $ ft, «i» m i 2 , 1 4 is p wumit 

[0 0 6 5] WftlftM L£ «t 5 8 , 10ft 

4 XtttBMIf 12, 1 4 (4 , ¥-© 9vyt> L K 
tBBW LTIMH-Sfc*, -^ft^ftO^Ptffi^traffl t 
40 T«jf^L^7y^^lS5±^^5o ?Mfc«W8, 1 
o t ^PMIt 12, i 4 t f4BiJ * <r>m%m PWMft^C 

4 <omit&ixz>o 

[0 0 6 6] l§mm 8 , 1 0 S4, Si*ffl PWMfi-^-S 

5 1 T-Il7fe£ft, JftlSffiW 12, 1 4(4, pTtfflPWM 
fs^-S S 2 -CW)t$ft5fc tf>WyLl,mitfZ>^ b 

So ^©W5tfflPWMflHS-^S*lElKli, HJtLtV^tt 

50 tW***5^S!!is*u^»-*tt> M#fflPWM{B'-iH8± 
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bh*ici-5 w t t*&* y - * mm 
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y hit. ^mmmmmmfr^^mmw^tt 

[0 0 8 0] ft*il 3 (dfBfcCD /< y?7>f 
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